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Docket No. 4100-0122P 



ABSTRACT 

The invention relates to a method for displaying the mean 
modulation error MERrms of a multiple carrier (OFDM) signal in 
which: a) The square of the error vector is calculated according 
to the relation (I) for each actual modulation symbol I of each 
individual carrier k of the multiple carrier signal; b) this 
value m k is offset with the content of a storage location of a 
memory, said storage location being assigned to the same carrier 
k, which comprises the same number of storage locations as the 
OFDM signal carrier, according to relation (II) (iteration 
formula) with A2 kr i+i: new measured value (instant 1 + 1) which 
should be filed in storage location k of the memory A2; A2 k ,i: 
previous measured value (instant 1) from storage location k of 
memory A2; m k : Actual measured error square for carrier k; k: 
Carrier number within the OFDM spectrum grows with the frequency, 
k=0 ... K max ; 1: number of the symbol, grows with time, 0<1; c) the 
mean modulation error MERrms is subsequently calculated for each 
carrier from these values of the storage locations according to 
relation (III), whereby VM is the quadractically weighted mean 
value of the amplitude of all ideal signal states of the 
modulation type, used each time, of a carrier modulated with 
useful data, and finally d) this MERrms value is then graphically 
represented with the number of the carriers as an abscissa for 
each individual carrier k as an ordinate value of a diagram. 



3 



09/762210 



Process for displaying the modulation error ratio of a 
multicarrier signal 



The modulation error ration (MER) is an important 
characteristic value for the OFDM (Orthogonal Frequency 
Division and Multiplexing) -Multicarrier Systems used in 
modern transmission technology, for example in DAB 
(Digital Audio Broadcasting) or DVB-T (Digital Video 
Broadcasting - Terrestrial) , as it indicates the mean 
and maximum deviation of the amplitude and phase 
statuses (I and Q values) used in this case from the 
ideal signal statuses of the digital modulation used and 
therefore provides a measure for the signal quality. The 
modulation error ratio is given as mean value and as 
maximum value. In order to calculate it all decision 
fields of the modulation vector diagram are examined in 
succession. In order to determine the maximum value, the 
maximum sum of the differential vector from the ideal 
signal status to the signal statuses which have been 
produced (error vector) is sought in each decision 
field. In addition to the maximum value of the 
intermediate results, the maximum value of the 
modulation error ratio MER,^ is then calculated in 
accordance with the equation 



100 



Max|| error vector || \_%] 
VM 



In this case VM is the square weighted mean value of the 
amplitude of all ideal signal statuses of a carrier 
modulated with user data of the modulation type used in 
each case, which value is known or can be easily 
calculated for the modulation types used most 
frequently, such as 16QAM etc., and is used as a 
constant in the calculation. 
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All sums of the differential vectors from the ideal 
status to the status which has been produced are square 
and added to obtain the mean modulation error ratio and 
the number of symbols is counted. Subsequently, the mean 
modulation error ratio MER^g is calculated in accordance 
with the equation 



" 5j| error vector | 

MER PMC , = 100 



Both of the values calculated in per cent in accordance 
with the above equations can also be given in the 
logarithmic scale in dB in accordance with the following 
conversion: 



( MER[%f\ 

MER^ = -20 -lg [dB] . 

V 100 J 



The term modulation error ratio and the corresponding 
laws of calculation for it have been established and 
standardised by the DVB Measurement Group in the ETR 2 90 
for DVB-C and DVB-S. Fig. 1 shows by way of example the 
vectors required to calculate the modulation error ratio 
in the first quadrants and this is for 64 QAM. 

It is known to calculate the modulation error ratio for 
a single carrier in each case in accordance with the 
above formulae and to display it as a numerical value. 
For multicarrier systems with 1000 or even more 
individual carriers, as is the case in DAB with 1536 
carriers and in DVB with 1705 or 6817 carriers even, 
this type of modulation error ratio calculation and 
individual carriers illustration is no longer useful . 
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It is therefore the object of the invention to 
demonstrate a process with which the modulation error 
ratio can be calculated simply with the lowest possible 
degree of calculation complexity and, in addition, can 
5 be illustrated in such a way that a simple and clear 
metrological evaluation is possible for all carriers. 

This object is achieved for displaying the mean 
modulation error ratio in accordance with claim 1 and 

10 for displaying the maximum modulation error ratio in 
accordance with claim 2, these two possibilities 
preferably being used in combination, so a user is 
simultaneously shown the mean and maximum modulation 
error ratios as a function of the frequency. 

15 Advantageous developments emerge from the remaining sub- 
claims . 

In accordance with the invention the mean or maximum 
modulation error ratio is calculated by simple 

2 0 successive calculation stages, the result corresponds in 

this case to the equations mentioned at the start, the 
successive calculation stages demonstrated in accordance 
with the invention solve this calculation in a shorter 
calculation time, however, and in a manner which 
25 requires less memory space and can be executed for 

example on any conventional PC. Owing to the storage of 
the individual calculated values in memory locations of 
a memory having as many cells as carriers, the result of 
the modulation error ratio determination is directly 

3 0 related to the individual carriers and can therefore be 

directly illustrated on a graph as a function of the 
frequency for the entire multicarrier frequency band. 
Therefore, a user can immediately determine at which 
points of the spectrum critical conditions are present, 
35 and therefore a multicarrier system can also be analysed 
in a simple manner metrologically with regard to 
modulation error ratios for the first time. 
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The modulation error ratio of an individual carrier is 
subject to large statistically-induced fluctuations. It 
is therefore necessary that, in accordance with the 
invention, integration is initially carried out via a 
5 plurality of symbols of data modulated on the individual 
carriers. A prerequisite for the process according to 
the invention is knowledge of the signal constellation 
of each individual carrier, as is illustrated 
schematically for 64 QAM in Fig. 1 for a quadrant in the 
10 I/Q plane. Initially the square of the error vector of 
the current individual carrier k is calculated for each 
current symbol in accordance with the equation 

m k = | error vectorj 2 

15 

As only a single point of the signal constellation is 
evaluated here for each carrier, the summation in 
accordance with the general equation mentioned at the 
start is omitted. 

20 

The result m k for each individual carrier k is then 
compared separately in a second calculation stage with 
the contents of a memory location reserved specifically 
for this individual carrier, which memory location is in 

2 5 turn associated with a memory Al . In this case, this 

memory Al has as many memory locations + 1 as there 

are carriers in the OFDM system. A check is made in the 
memory location of the memory Al associated with the 
current carrier k as to whether the current measured 

3 0 value m k is greater than the value already stored in this 

memory location. If the stored value is greater than the 
current value the memory location contents remain 
unchanged. If the current value is greater this is input 
as a new value into the memory location. In this way the 
3 5 maximum value is stored for each carrier. 
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At the same time the result of the m k of the current 
modulation error ratio is set off separately for each 
individual carrier against the contents of a separate 
memory location of the second memory A2 , which also has 
5 as many memory locations as there are carriers in the 
OFDM system. Here, the value A2 k hitherto present in the 
memory location k is set off against the current 
measured value m k in accordance with the following 
equation: 

10 

(A2 k 1 •l + m k ) 

A2 V , , = '- (iteration formula) 

(1 + 1) 

where 

15 A2 k/ i+i is the new measured value (instant 1+1) 

which is to be stored in memory location k of the 
memory A2, 

A2 k ,i is the previous measured value (instant 1) 
20 from memory location k of the memory A2, 

m k is the current measured error square for carrier 
k, 

25 k is the carrier number within the OFDM spectrum, 

increases with the frequency, k = 0... K max , 

1 is the number of the symbol, increases with 
time, 
30 0 < 1. 

This calculation stage is repeated for all carriers of 
the symbol. Then, the same process is carried out again 
for the next symbol for all carriers. Thus a 
35 representative picture of the mean modulation error ratio 



is produced over the course of many symbols in the memory 
A2 as a function of the frequency or the respective 
carrier number k. These calculation stages provide 
exactly the same result as the standardised equation 
mentioned at the start. 

Alternatively the third calculation stage can also be 
divided in the following manner. Initially an 
intermediate value is calculated in accordance with the 
following equation: 

A2' k ,i+i= A2' k ,i+m ]c (iteration formula) 
where 

A2' k ,i+i is the new measured value (instant 1 + 1) 
which is to be stored in memory location k of the 
memory A2, 

A2' k ,i is the previous measured value (instant 1) 
from memory location k of the memory A2 f 

m k is the current measured error square for carrier 

k is the carrier number within the OFDM spectrum, 
increases with the frequency, k = 0... K ma x, 

1 is the number of the symbol, increases with time, 
0 < 1. 

If the memory A2 ' is now to be used to illustrate the 
mean modulation error ratio on the screen, the contents 
of each individual memory location must be divided by the 
number of symbols 1+1 detected up to that point, which 
number is determined in a separate counter. Then, the 



final value A2 can again be calculated in accordance with 
the equation 



This division allows a faster programme sequence within a 
digital signal processor. 

The actual mean or maximum modulation error ratio can 
then be calculated from the values of Al and A2 
calculated in this way in a subsequent calculation stage 
in accordance with the following equation from the values 

VM known for the type of modulation used in each case: 



/A2 

MERrmsa = 100- — - k [%] 
VM 

If a display in dB is desired the percentage value can be 
converted in accordance with the following equatic 



ion: 



( MER [%] 
100 



MER dB = -20 -lg ^ — ] [dB] 



As a result, a minimum value in dB is derived from the 
maximum value in per cent. 

Fig. 2 shows the illustration of the maximum and mean 
modulation error ratio in a graph on the screen of a 
display device. The abscissa is scaled with the numbers 
of the individual carriers of the OFDM spectrum, between 
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0 and 6816 for example. The modulation error ratio 
calculated for each carrier in each case is plotted on 
the ordinate. The total of 1705 or 6817 carriers present 
per se in DVB-T could potentially lead to display 
5 resolution problems. Since a conventional LCD has a total 
of only 320 pixel columns for example, it is advantageous 
to divide the entire spectrum to be displayed as a whole 
into individual regions comprising only 320 carriers for 
example, and to illustrate these in succession or to 
10 combine a plurality of carriers simultaneously in one 
column of the display. 
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Claims 



1. Process for displaying the mean modulation error 
ratio MERrms of an orthogonal frequency division and 
multiplexing (OFDM) multicarrier signal, 
characterised in that 

a) for each current modulation symbol I of each 
individual carrier k of the multicarrier signal, the 
square m k of the error vector is calculated in accordance 
with the equation 

m k = | error vector k | 2 

b) this value m k is set off against the contents of a 
memory location of a first memory (A2) associated with 
the same carrier k, which memory has as many memory 
locations as the OFDM signal has carriers, in accordance 
with the equation 

(A2 kf i- l+m k ) 

A2 k ,i+i = 

(1+1) 

where 

A2 k ,i+i is the new measured value (instant 1+1) which 
is to be stored in memory location k of the memory 
A2, 

A2 k ,i is the previous measured value (instant 1) from 
memory location k of the memory A2 , 

m k is the current measured error square for carrier 
k, 

k is the carrier number within the OFDM spectrum, 
increases with the frequency, k = 0... K max , 



mm mm 



1 is the number of the symbol, increases with time, 
0 < 1, 



c) the mean modulation error MERrms is then calculated 
for each carrier from these values of the memory 
locations in accordance with the equation 



MERrms, 




VM 



where VM is the square weighted mean value of the 
amplitudes of all ideal signal statuses of the type 
of modulation used in each case of a carrier 
modulated with user data, and 

d) this MERrms value is then illustrated on a graph for 
each individual carrier k as ordinate value of a diagram 
with the number of carriers as abscissa. 

2. Process according to claim 1, 
characterised in that 

for the purpose of displaying the maximum modulation 
error ratio MERmax, the value m k calculated in accordance 
with calculation stage a) is compared with the value of a 
memory location of a second memory (Al) associated with 
the same carrier k, which memory has as many memory 
locations as the OFDM signal has carriers, the value 
stored in this memory location being replaced by the 
current value when the current value is greater than that 
already stored, 

e) the maximum modulation error ratio MERmax is then 
calculated for each carrier from these maximum values of 
the memory locations in accordance with the equation 
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MERmax, k = 100- 




[%] 



VM 



wherein VM is the square weighted mean value of the 
amplitude of all ideal signal statuses of the modulation 
5 type used in each case of a carried modulated with user 
data, and 

f ) this MER-max value is then illustrated on a graph for 
each individual carrier k as ordinate value of a graph 
10 with the number of carriers as abscissa. 

3. Process according to claim 1, 
characterised in that 

in process stage b) according to claim 1 an intermediate 
15 value is initially calculated in accordance with the 
equation 



A2 \, 1+1 =A2 ' kil +m k 



20 



where 



A2' kl+1 is the new measured value (instant 1+1) which 
is to be stored in memory location k of the memory 



A2, 



25 



A2' kl is the previous measured value (instant 1) 
from memory location k of the memory A2 , 



30 



m k is the current measured error square for carrier 
k, 



k is the carrier number within the OFDM spectrum. 



increases with the frequency, k = 0... 



34 AMT 



1 is the number of the symbol, increases with time, 
0 < 1. 



and this intermediate value A2 ' is divided prior to 
display according to process stage d) by the number of 
symbols detected which have been counted in a separate 
counter in accordance with the equation 



4. Process according to one of the preceding claims, 
characterised in that 

the values initially determined in percent for MERrms 
and/or MERmax are converted prior to their frequency- 
dependent graphic illustration into the unit dB in 
accordance with the equation 




[dB] . 
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Declaration and Power of Attorney For Patent Application 
(or PCT) Erklarung Fur Patentanmeldungen Mit Vollmacht 



German Language Declaration 



Als nachstehend benannter Erfinder erklare 
ich hiermit an Eides Statt: 

daJJ mein Wohnsitz, meine Postanschrift, und 
meine Staatsangehorigkeit den im 

Nachstehenden nach meinem Namen 

aufgefiihrten Angaben entsprechen, 

daii ich, nach bestem Wissen der 
urspriingliche, erste und alleinige Erfinder 
(falls nachstehend nur ein Name angegeben 
ist) oder ein urspriinglicher , erster und 
Miterfinder (falls nachstehend mehrere 
Namen aufgefuhrt sind) des Gegenstandes 
bin, fur den dieser Antrag gestellt wird 
und fur den ein Patent beantragt wird fur 
die Erfindung mit dem Titel: 

(1) PROCESS FOR DISPLAYING THE MODULATION 
ERROR RATIO OF A MULTICARRIER SIGNAL 



As a below named inventor, I hereby declare 
that: 

My residence, post office address and 
citizenship are as stated below next to my 
name, 



I believe I am the original, first and sole 
inventor (if only one name is listed below) 
or an original, first and joint inventor 
(if plural names are listed below) of the 
subject matter which is claimed and for 
which a patent is sought on the invention 
entitled 



(1) 



deren Beschreibung hier beigefugt ist aufie: 
das folgende Feld ist angekreuzt : 
(zutref fendes ankreuzen) 

[ ] (2) vorhergehend eingereicht 

[ ] (3) am unter dei 

[ ] (4) U.S. Anmeldungsseriennummer 

der PCT International No. 

und [ ] (5) wurde am 

abgeandert (falls tatsachlich abgeandert) . 



Ich bestatige hiermit, dafi ich Inhalt der 
obigen Patentanmeldung einschliefllich der 
Anspriiche durchgesehen und verstanden habe, 
die eventuell durch einen Zusatzantrag wie 
oben erwahnt abgeandert wurde. 

Ich erkenne meine Pflicht zur Offenbarung 
irgendwelcher Inf ormationen, die fur die 
Priifung der vorliegenden Anmeldung in 
Einklang mit Absatz 37, Bundesgesetzbuch, 
Paragraph 1.5 6 von Wichtigkeit sind, an. 

Ich beanspruche hiermit auslandische 
Prioritatsvorteile gemaB Abschnitt 35 der 
Zivilprozessordnung der Vereinigten 

Staaten, Paragraph 119 aller unten 
angegebenen Auslandsanmeldungen fur ein 
Patent oder eine Erf inderurkunde 

nachstehend gekennzeichnet, die ein 
Anmeldedatum haben, das vor dem 

Anmeldedatum der Anmeldung liegt, filr die 
Prioritat beansprucht wird. 



the specification of which is attached 
hereto unless the following box is checked: 
(check appropriate blocks) 

[ ] (2) was filed 

[ ] (3) on as 

[ ] (4) U.S. Appln. S. N. 

or PCT International No. 

[ ] (5) as amended < 



(if applicable) 

I hereby state that I have reviewed and 
understand the contents of the above 
identified specification, including the 
claims, as amended by any amendment 
referred to above . 

I acknowledge the duty to disclose 
information which is material to the 
examination of this application in 
accordance with Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim foreign priority benefits 
under Title 35, United States Code, §119 of 
any foreign application (s) for patent or 
inventor's certificate listed below and 
have also identified below any foreign 
application for patent or inventor's 
certificate having a filing date before 
that of the application on which priority 
is claimed. 
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foreign applications / Prioritat beansprucht 



198 49 319.3 



26/QCT/1998 

(Day/Month/ year Filed) 
(Tag/Monat/Jahr eingereicht) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Day/Month/ year Filed) 
(Tag/Monat/Jahr eingereicht) 



(Number) (Country) 
(Nummer) (Land) 

Ich beanspruche hiermit gemafi Absatz 35 der 
Zivilprozessordnung der Vereinigten 

Staaten, Paragraph 119(e), den Vorzug aller 
unten aufgefiihrten vorlaufigen Anmeldungen. 

m . . 



(Day /Month/ year Filed) 
(Tag/Monat/Jahr eingereicht) 



Ja 



Ne: 



I hereby claim the benefit under Title 35, 
United States Code, §119 (e) of any United 
States provisional application ( s ) listed 
below. 



(Application Serial No.) 
( Anme 1 de s e r i ennumme r ) 

Ich beanspruche hiermit gemafi Absatz 35 der 
Zivilprozessordnung der Vereinigten 

Staaten, Paragraph 120, den Vorzug aller 
unten aufgefiihrten Anmeldungen und falls 
der Gegenstand aus jedem Anspruch dieser 
Anmeldung nicht in einer friiheren 
amerikanischen Patentanmeldung laut dem 
ersten Paragraphen des Absatzes 35 _ der 
Zivilprozessordnung der Vereinigten 

Staaten, Paragraph 112 offenbart ist, 
erkenne ich gemafi Absatz 37, 

Bundesgesetzbuch, Paragraph 1.56 meine 
Pflicht zur Offenbarung von Informationen 
an, die zwischen dem Anmeldedatum der 
friiheren Anmeldung und dem nationalen oder 
PCT internationalen Anmeldedatum dieser 
Anmeldung bekannt geworden sind. 

(8) 



I hereby claim the benefit under Title 35, 
United States Code, §120 of any United 
States application (s) listed below and, 
insofar as the subject matter of each of 
the claims of this application is not 
disclosed in the prior United States 
application in the manner provided by the 
first paragraph of Title 35, United States 
Code, §112, I acknowledge the duty to 
disclose material information as defined in 
Title 37, Code of Federal Regulations, 
§1.56 which occurred between the filing 
date of the prior application and the 
national or PCT international filing date 
of this application: 



(Application Serial No.) 
( Anme lde s e r i ennumme r ) 



(Application Serial No.) 
( Anme 1 de s e r iennumme r ) 



Ich erklare hiermit, daB alle von mir in der 
vorliegenden Erklarung gemachten Angaben nach 
meinem besten Wissen und Gewissen der vollen 
Wahrheit entsprechen, und daii ich diese 
eidesstattliche Erklarung in Kenntnis dessen 
abgebe, daB wissentlich und vorsatzlich falsche 
Angaben gemafi Paragraph 1001, Absatz 18 der 
zivilprozessordnung der Vereinigten Staaten von 
Amerika mit Geldstrafe belegt und/oder Gefangnis 
bestraft werden konnen, und dafi derartig 
wissentlich und vorsatzlich falsche Angaben die 
Gueltigkeit der vorliegenden Patentanmeldung oder 
eines darauf erteilten Patents gefahrden werden. 



(Status) 
(patentiert, anhangig, 
auf gegeben) 



(Status) 
(patented, pending, 
abandoned) 



(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgegeben) abandoned) 



I hereby declare that all statements made 
my own knowledge are true and that all 
made on information and belief are believed 
true; and further that these statements wer 
with the knowledge that willful fals 
and the like so made are punishable by 
imprisonment, or both, under Section 1001 c 
18 of the United States Code and that such 
false statements may jeopardize the val. 
of the application or any patent 
thereon. 



Title 
llful 
idity 
ued 
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VERTRETUNGSVOLLMACHT : Als benannter 

Er finder beauftrage ich hiermit den 
Patentanwalt (oder die Patentanwalte) 
und/oder Patent Agenten, Kundennummer 2292, 
mit der Abwicklung aller damit verbundenen 
Geschafte vor dem Patent- und Warenzeichen : 
(Aktuellen Namen und aktuelle 

Registrationsnummer anfuhren, ) 



Telefongesprache bitte richten an: 
(Name und Telef onnummer) 



ift, aktuelle Kundennummer 2292, 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the attorney (s) and/or 
agent (s) of Customer N cu__j2232_J:o prosecute 
this application and transact all business 
in the Patent and Trademark Office 
connected therewith. (list current names 
and registration numbers) . 

Raymond C. Stewart, Reg. No. 21,066 
Joseph A. Kolasch, Reg. No. 22,463 
Bernard L. Sweeney, Reg. No. 24,448 
Charles Gorenstein, Reg. No. 29,271 
Leonard R. Svensson, Reg. No. 30,330 
Andrew D. Meikle, Reg. No. 32,8 68 
Joe McKinney Muncy, Reg. No. 32,334 
John W. Bailey, Reg. No. 32,8 81 
Gary D. Yacura, Reg. No. 35,416 
Terrell C. Birch, Reg. No. 19,382 
James M. Slattery, Reg. No. 28,380 
Michael K. Mutter, Reg. No. 2 9,680 
Gerald M. Murphy, Jr., Reg. No. 28,977 
Terry L. Clark, Reg. No. 32,644 
Marc S. Weiner, Reg. No. 32,181 
Donald J. Daley, Reg. No. 34,313 
John A. Castellano, Reg. No. 35,094 
F. Prince Butler, Reg. No. 25,666 
Fred S. Whisenhunt, Reg. No. 24,37 8 
Richard Gallagher, Reg. No. 28,781 



Direct Telephone Call 
(name and telephone numbi 



to: 



Send Correspondence to address 
Customer No. 2292, currently: 



Birch, Stewart, Kolasch & Birch, LLP 
P.O. Box 7 47 

Falls Church, Virginia 22040-0747 



Voller Name des erst en Erfinders: " Full name of first inventor: 

PotPr WOLE— 

Unterschrift des ers ten Erfinders Datum Signature of first inventor 



KolumbusstraBe 4, 81543 Munchen/GERMANY tJp&'S 



Staatsangehorigkeit Citizenship 
Pofta?J5irift Post Office Address 

same =^ =— 
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Voller Name des 

(9) Christoph BALZ 

Unterschrift de 



:iten Erfinders: 
siten Erfinders 



Atty.Dkt.No. : 

ame of second inventor: 



Signature of second inventor 



Wohnsitz " Residence 

GerhardstraBe 29, 815431 Munchen/GERMANV^r^A, 

Staatsangehorigkeit r-,*--,- 

German 



Postanschrif t 

same 



Voller Name des dritten Erfinders 
(9) 



■ — 

Unterschrift des dritten Erfinder 



Citizenship 



Post Office Address 



Full name of third Inventor: 



Signature of third Inventor 



Wohnsitz 

Staatsangehorigkeit 
Postanschrif t 



Citizenship 



Post Office Address 
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